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Abstract. Almost every natural disaster is accompanied by
some sort of technological one. A number of studies also
show a correlation between technological disasters and vari-
ous global processes such as solar disturbances, geophysical
field variation etc. In this study we attempted to ascertain
and codify the relationship between different types of tech-
nological disasters and natural hazards. Two types of natu-
ral hazards were found, based on their genesis, distribution
in time, and impact pattern on the technosphere. Solar and
geomagnetic disturbances generally affect technological risk
through the failure of automatic machinery and the reduction
of operator reliability. They increase the probability of trans-
port accidents, fires, and catastrophic toxic emissions. These
types of technological disasters are widely prevalent through-
out Russia and in all federal regions. Geological, climatic,
hydrological, and other natural hazardous processes increase
technological risk through direct mechanical impacts. Their
occurrence in space and time depends on the character of
the natural process and the specific regional environment.
The total number and proportion of technological disasters
in federal regions results mainly from the concentration of
industrial units and their type, as well as the local natural
and social environment. Temporal changes in the number of
technological disasters of different groups depend on the pre-
vailing type of natural processes.
1 Introduction
In the last few decades social, economic and environmental
losses caused by technological accidents and calamities have
increased all over the world. In Russia more than 1000 peo-
ple die every year, on average, from technological disasters,
while the number of people affected is three times higher
(Russian Ministry of Emergencies, 1994–2004). Between
1990 and 2003, more than 90 per cent of the total number
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of fatalities in Russia were a result of technological disas-
ters, the remainder being attributed to natural ones. Radi-
ation and transport accidents, dangerous chemical and bio-
logical emissions, explosions and fires, hydrodynamic and
power plant accidents, and damage of treatment plants were
the most dangerous.
We regard a technological (natural) disaster as a distur-
bance of the current activity of a populated region due to
abrupt technological (natural) impacts (catastrophes or ac-
cidents) resulting in social, economic, and (or) ecological
damage, which requires special management efforts for its
elimination. Russian statistics regard disasters as phenom-
ena causing four or more fatalities, and (or) injuring 10–15
people, and (or) damaging more than 500 000 rubles (EUR
15 000). The same criteria were used for this study.
The Russian Ministry of Emergencies has published an an-
nual State Report since 1993, reporting the number of tech-
nological and natural disasters occurring in Russia and its
main administrative units (federal regions). According to
official statistical data the greatest number of technological
disasters (1174) occurring in Russia happened in 1997. The
number decreased to 518 in 2003, before increasing again to
863 in 2004 (Russian Ministry of Emergencies, 1994–2005)
(Fig. 1). From 1993–2004, the data shows an average of
877 technological disasters per annum. As shown in Fig. 1
the number of technological disasters is about three times
higher than the number of the natural ones and their tempo-
ral changes do not coincide with each other.
The majority of researchers dealing with technological
risk state that both temporal and spatial distributions of tech-
nological disasters are not random but obey certain laws, and
that natural factors play essential roles in addition to tech-
nical, social, and economic causes (Epov, 1994; Miagkov,
1995). For example, Epov (1994) concludes that the techno-
sphere “depends on its internal laws, which are related with
the global system, the Space and the Earth, rather than on
operating staff behaviour”. He expected environmental im-
pact on the technosphere to result from geodynamics (de-
formations of the Earth’s crust in a wide spectrum of time
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Fig. 1. Temporal changes of technological and natural disasters in
Russia.
parameters), flood tides (mutual gravitational influence of
the Sun, the Moon, and other planets), geophysical and as-
trophysical field variations, etc. The total impact of the vari-
ous combinations of these agents determine the temporal and
spatial peculiarities of the technosphere, the regime changes
for functioning of its’ units, resulting in increasing hazard of
accidents and catastrophes. Miagkov (1995) emphasized the
significant influence of magnetic storms on the probability of
technological disasters.
Hazards researchers and emergency practitioners realize
that almost every natural disaster is accompanied by some
sort of technological disaster (e.g., hazardous material spills,
fuel ruptures, or electrical exposure) (Colorado Department
of Public Safety, 1991) capable of radically aggravating any
situation. Such technological disasters precipitated by natu-
ral disasters are known as natural-technological or “na-tech”
events (Young et al., 2002). These events can result from di-
rect destruction of a certain technical object by a natural pro-
cess (such as destruction of an atomic power plant or chemi-
cal plant due to earthquake, landslide, etc.). They can be also
the subjects of the secondary effects of natural disasters, with
actual or potential threats to the environment, resulting from
the accidental release of oils, chemicals and other hazardous
or polluting substances (Bishop, 2000). Both cases deal, pri-
marily, with the mechanical impact of natural hazards on the
technosphere.
Some other studies found certain correlations between
technological disasters and various global processes, which
are not usually considered as natural disasters. Epov (1994)
found a correlation between solar activity (a Wolf number
with reversed sign) and temporal distribution of air crashes as
well as fires at storage facilities (Fig. 2). The correlation co-
efficient is 0.74. He expected electromagnetic disturbances
to be responsible for impacts on electronic devices, electric
power units, and chemical processes, causing self-ignition.
Desiatov et al. (1972) studied the relationship between solar
activity and the number of automobile accidents. According
to their data the number of automobile accidents multiplies
by four on the second day after a solar flare in comparison
with ”inactive” solar days. Werner from Hamburg and Reiter
from Munich have received similar results from analyses of a
Fig. 2. Temporal correlation between air crashes, fires and solar
activity (A.Epov).
great quantity of data (about 100 000 automobile accidents).
They proved a sharp increase in the number of automobile
accidents on the second day after a solar flare. In 1954–1955
Reiter registered that on “active” solar days human response
to a signal takes four times longer than a normal response
(cited in: Desiatov et al., 1972). Desiatov et al. (1972) and
Miagkov (1995) also found that the number of severe mental
depression episodes and suicides multiplied by four or five
after a solar flare. Therefore, solar flares could affect oper-
ators, drivers and pilots. IZMIRAN (The Institute of Ter-
restrial Magnetism, Ionosphere and Radio Wave Propagation
of The Russian Academy of Science) research found a rela-
tionship between disturbances of the geomagnetic field and
the failure of automated railway machinery (Kanonidi et al.,
2002). Anan’in and Merzlyi (2002) mentioned field distur-
bances, which were regarded as earthquake prognostics, and
impulsive emanations of active fault areas among the reasons
for air crashes.
With regard to the research mentioned above, we at-
tempted to ascertain a relationship between different types of
technological disasters and natural hazards. Unlike the pre-
viously cited authors, who only dealt with separate types of
technological disasters, we took into account all the possible
types of technological disasters in Russia. Thus, for the first
time we have quantitatively estimated temporal and spatial
distributions for a wide spectrum of technological disasters
in Russia.
2 Research region and methods
The Russian Federation (RF) was the region of research.
We made estimations both for the total RF, in order to an-
alyze temporal regularities, and for its main administrative
units (federal regions), in order to trace regional differences.
The level of the federal regions was taken for the research
because comparable statistical data for the administrative
level are available for assessment. These units correspond
to states in the USA and federal lands in Germany. The
RF consists of 89 federal regions, including republics (such
as Karelia, Komi, and the Republic of Dagestan), territo-
ries (such as Krasnodar Territory, Krasnoiarsk Territory, and
Primorskii Territory), oblasts (such as Moskovskaia Oblast’,
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and Leningradskaia Oblast’) and autonomous areas (such as
Khanti-Mansisk Autonomous Area and Evenki Autonomous
Area). The two largest Russian cities, Moscow and Saint Pe-
tersburg, are separate federal regions too. Official statistical
data in Russia are published for these 89 units of the highest
administrative level.
The data were processed with multidimensional statistic
methods: R-modification of factor analysis based on the
method of principal components. Factor analysis is directed
to revealing the minimal number of hypothetic unmeasured
variables (factors) necessary for the description of correlated
variables between all numerical characteristics (a number of
disasters of different types in this case). According to re-
sults of the computational analysis it is possible to choose pa-
rameters (among the suggested ones) with maximal variance
of values and find out groups of parameters, which correlate
with each other, thus reducing the number of the parameters
for the following analysis (Devis, 1977).
Firstly, we made a factor analysis of 13 parameters for the
whole Russia. The total number of natural disasters, the total
number of technological disasters, and the number of every
11 types of technological disasters between 1992 and 2001
were taken as parameters for this analysis. Official State Re-
ports of the Russian Ministry of Emergencies were used as
input data (Russian Ministry of Emergencies, 1993–2002).
A factor analysis of 15 parameters for the federal regions
of the RF was then made. The values of every 15 types
of technological disasters for each federal region during the
whole observation period between 1992 and 1997 were taken
as parameters for assessment. This time period was used be-
cause comparable statistical data were available on this ad-
ministrative level only for this period. At the same time, the
initial data allowed us to include a wider range of technolog-
ical disaster type in comparison with the first analysis (for
the whole of Russia) into the analysis. Daily reports of the
Russian Ministry of Emergencies about technological emer-
gencies were taken as initial data for the tests.
3 Results
Factor analysis of a number of natural and technological dis-
asters in Russia between 1992 and 2001 revealed two groups
of disasters with similar temporal distributions during the ob-
servation period (Fig. 3). The first group includes fires, air
crashes, as well as automobile and railway accidents. Fires
have a more closely correlation score to railway accidents
(the correlation coefficient is 0.76), while air crashes have a
more closely correlation to automobile accidents (0.51). Ac-
cording to Epov and other authors cited above, these events
have a relation to solar and geomagnetic activity. Evidently,
these very processes influence accidents with toxic emissions
(or potential dangers of such emissions), which also belong
to the first group. This type of disaster most closely cor-
relates in its temporal distribution to fires and technological
disasters in general (the correlation coefficient is 0.86 in both
cases). The correlation between technological disasters of
Fig. 3. Groups of disasters with similar temporal distributions.
the first group and solar and geomagnetic activity does not
necessarily signify that solar flares and geomagnetic distur-
bances are the sole reasons for the appearance of all tech-
nological disasters of this group. Nevertheless, their corre-
lation might point to the possibility of increasing the total
number of one event when increasing the number of the oth-
ers. Of course, separate technological disasters can also oc-
cur without these natural phenomena. However, solar flares
and geomagnetic disturbances can increase their probability,
influencing the technosphere directly or indirectly. The pos-
sibility of such influences should be taken into account.
Technological disasters of the second group (Fig. 3) cor-
relate with the total number of natural disasters. The correla-
tion coefficient for various accidents is found below:
– Radio-active emissions (or potential danger of such
emissions) = 0.92,
– Water transport accidents = 0.83,
– Pipeline ruptures = 0.80,
– Power supply systems = 0.76,
– Sudden collapses of constructions and mines = 0.73,
– Water and heat supply systems = 0.67.
The correlations found allow us to suggest a relationship
between the named types of technological disasters and nat-
ural disasters producing mechanical impact on the techno-
sphere.
Technological disasters of the first group prevail in Russia,
accounting for two-thirds of their total amount (Fig. 4). In the
diagram they are shown with warm colours. The majority of
them are fires (more than 40 per cent). Transport accidents,
mainly automobile accidents (10 per cent) take second rank.
The number of accidents with toxic emissions comprises 5
per cent. Accidents at water, power, and heat supply systems
belong to the second group and comprise about 15 per cent
of the total; finally pipeline ruptures account for 7 per cent.
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Fig. 4. Proportion of technological disasters in Russia.
Taking into account the reported results we divided natural
hazards into two types according to their impact on the tech-
nosphere and their effects on increasing technological risk
(Fig. 5). The first type of natural hazards includes global-
scale solar disturbances and geophysical field anomalies af-
fecting discrete areas. These phenomena can influence the
technosphere directly, causing electronic system failure and
automatic machinery failure, as well as indirectly, through
the decreased reliability of operators, drivers or pilots; thus
causing a “human factor”. In their turn these failures and the
“human error” can cause technological disasters (such as air
crashes, automobile and railway accidents etc.).
Geological, climatic, hydrological, and other natural haz-
ards belong to the second type. Causing mechanical impacts
they thus become triggers for technological and natural-
technological disasters. This type of natural hazard includes
earthquakes, volcanic eruptions, landslides, avalanches, hur-
ricanes, cyclones and tornadoes, hailstones, lightning, wind-
storms, snow and ice storms, temperature extremes, epi-
demics, wild fires, floods, drought, etc. The physical man-
ifestations of this type vary greatly by their spatial scale and
geographical location. For example, according to the Uni-
versity of Colorado studies, earthquakes are the most com-
mon cause of natural-technological disasters (na-techs) in the
USA (73 per cent). Hurricanes create 8 per cent of na-techs,
floods 5 per cent, lightning, winds, storms, wild fires, land-
slides, fogs and others comprise the remainder (Showalter,
Myers, 1992). However, the majority of na-techs in Russia
are caused by floods, windstorms, heavy snowfalls, and ex-
tremely low temperatures during winter.
The regions of Russia undoubtedly differ from each other,
in both the number and the proportion of technological dis-
asters. Most of the technological disasters (both by abso-
lute number and per area unit) take place in the Central and
Northwestern economic regions. We tried to find regularities
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in the spatial distribution of technological disasters occurring
in Russia by taking into account the quantity of disasters of
the 15 technological types in all the 89 federal regions of the
RF between 1992 and 1997. Four groups of technological
disasters with similar distributions within the federal regions
were detected using factor analysis (Fig. 6, Table 1). Factor
loads found in this analysis for each parameter (the values of
technological disasters) are shown in the Table 1.
Comparison of Fig. 6 and Fig. 3 shows that some types of
technological disasters group together more or less equally
in both analyses. In all likelihood, this clustering of various
technological disasters, which seem to demonstrate no rela-
tion with each other, indicates that their distribution both in
time and space is not wholly random but can be connected
with influence of the objective factors, regardless of human
actions. Thus, air crashes, automobile and railway accidents
are in the same group (group 1). Another example is the sud-
den collapse of constructions and mines, and pipeline rup-
tures (the second analysis unites them with fires and explo-
sions in mines, the failure of water filtering equipment, as
well as fires and explosions at fuel storages, which were not
taken in the first analysis) (group 3). As it was shown above
in the first case (group 1), the influences of solar and geomag-
netic activity and geophysical fields prevail in comparison
with other natural causes, whilst in the second case (group 3)
the mechanical impact of natural processes could be the main
factor. However, transport fires and those in buildings as well
as accidents with toxic emissions are included in group 2.
Accidents at water, power, and heat supply systems also be-
long to this group. Such spatial coincidence of these disaster
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Table 1. Groups of technological disasters with similar distribution within Russian federal regions (according to factor load).
Technological disasters 1st factor 2nd factor 3rd factor 4th factor
1 group
Air crashes −0.11 −0.11 −0.78 0.29
Railway accidents 0.27 0.16 −0.31 −0.14
Automobile accidents 0.02 0.23 −0.55 −0.12
Accidents with radio-active emissions 0.23 −0.27 −0.62 −0.15
2 group
Fires in buildings 0.77 −0.02 −0.13 0.03
Accidents with toxic emissions 0.82 −0.06 −0.0 −0.08
Transport fires 0.64 0.09 −0.2 0.14
Accidents at heat supply systems 0.74 −0.05 0.02 0.37
Accidents at power supply systems 0.76 −0.03 0.13 0.03
Accidents at water supply systems 0.43 0.07 −0.13 −0.26
3 group
Fires and explosions in mines 0.02 0.8 0.12 0.04
Sudden collapses of constructions and mines 0.45 0.57 0.17 −0.1
Pipeline ruptures −0.06 0.28 −0.44 0.02
Failures of water filtering equipment −0.15 0.81 −0.08 0.12
4 group
Water transport accidents 0.1 0.09 −0.06 0.9
Bold type in table indicates significant factor loads.
types, which have different temporal distributions, evidently
can be explained by the high concentration of infrastructure
and population density within industrial regions. In this case
this very factor plays the main role in the spatial distribution
of these technological disasters. The fourth group consists of
water transport accidents, whose distribution depends on the
location of water resources.
4 Discussion and perspectives
In general, the results of the presented study corroborate the
assumptions that technological disasters are not wholly ran-
dom in their temporal and spatial distributions but obey cer-
tain laws. Unlike the previously cited authors, who dealt with
separate types of technological disasters and with separate
natural hazardous processes only, we took into account all
possible types of technological disasters and all possible nat-
ural hazards in Russia. Two types of natural hazards have
been found according to their genesis, temporal distribution,
and their pattern of impact on the technosphere. Using factor
analysis two corresponding groups of technological disasters
with similar temporal distribution have been revealed.
1. The solar and geomagnetic disturbances can increase
technological risk through of the failure of electronic
system, automatic machinery and the reduction of oper-
ator reliability. Such influences can increase the proba-
bility of transport accidents (air crashes, automobile and
railway accidents), fires, and catastrophic toxic emis-
sions. These types of technological disasters prevail all
Fig. 6. Groups of technological disasters with similar regional dis-
tributions.
over Russia and in all federal regions. It is clear then,
that solar flares and geomagnetic disturbances are not
the single cause for each technological disaster of this
group, however they can increase failure probability and
464 E. Petrova: Natural hazards and technological risk in Russia
the risk of accident. It should be noted, that solar and
geomagnetic disturbances are not usually considered as
natural disasters.
2. Geological, climatic, hydrological, and some other nat-
ural hazardous processes increase the technological
risk by direct mechanical impacts on the technosphere.
Their occurrence in space and time depends on the char-
acter of natural process and the specific regional en-
vironment. Such impacts can increase probability of
sudden collapses of constructions and mines, pipeline
ruptures, water transport accidents, accidents at water,
power, and heat supply systems and some other disas-
ters.
Four groups of technological disasters with similar distri-
bution within the federal regions have been revealed using
factor analysis. Such spatial coincidence between various
technological disasters, which seem to demonstrate no re-
lation with each other, can be connected with influence of
the objective factors, regardless of human actions. The total
number and proportions of technological disasters in federal
regions results mainly from the concentration of industrial
units and their type, as well as the local natural and social
environment. Temporal changes in the number of techno-
logical disasters can depend on the prevailing type of natural
processes. It requires special investigation on the local level.
The specific pattern of natural disasters in each federal region
should be examined.
The statistical methods we applied (as well as statistical
methods in general) do not allow us to reveal the precise
cause for each technological disaster, since statistics do not
examine each individual case. Nevertheless, these methods
permit us to ascertain increasing the total number of techno-
logical disasters when increasing the number of natural haz-
ardous events. It indicates, that a cause-effect-relationship
between them can exist, what requires further investigation.
The relationship between various natural disasters and tech-
nological disasters should be examined.
The research we carried out does not definitively state that
global processes and natural hazards are the sole cause for
each separate technological disaster. Without doubt techni-
cal, economic and social factors play an essential role in their
occurrence; however natural factors can increase the proba-
bility of the occurrence technological disasters. Our results
permit us to elucidate which technological disasters could be
influenced by natural processes of the first (solar and geo-
magnetic disturbances) or the second type (natural hazards
causing direct mechanical impacts). Using our results it is
possible to make a prognosis, for example, based on the dy-
namics of natural processes of the first or the second type in
a certain region it is possible to predict the increased risk for
the related types of technological disasters and to take the
necessary steps to prevent them.
This study is the first attempt of such an analysis for the
Russia. We have taken a total number of natural disasters
for the research. In future their pattern and a contribution of
various types of natural disasters should be investigated.
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